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(54) Pre-pit detecting apparatus 

(57) When first and second read signals (Srf1 , Srf2) 
generated on the basis of the outputs of electrical sig- 
nals from a light receiving portion are input to an ampli- 
tude correcting circuit (1), the first and second read sig- 
nals are added to generate an addition signal (Srf). Then 
the amplitudes of the first and second read signals are 



corrected for the -each RF signal component corre- 
sponding to each recording pit, which is contained in the 
first and second read signals on the basis of the addition 
signal. Finally, the difference between the first and sec- 
ond read signals is computed to generate a difference 
signal so that a pre-pit signal will be detected on the ba- 
sis of the difference signal. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the technical 5 
field of p re-pit detection apparatus for detecting p re-pits 
as pre-information, formed on a high-density recording 
medium such as a DVD-R (DVD-Recordable) or 
DVD-RW (DVD-Rerecordable), at the time of recording 
record information. w 
[0002] In general, address information and reference 
signals for generating clock signals for use in recording 
and reproducing operations are pre-recorded on a re- 
cordable type optical recording medium in the form of 
pre-pits and pre-grooves in order to make it possible to 15 
record information on the medium. For example, on a 
DVD-R (Digital Versatile!) isc- Recordable), pre-grooves 
as regions for recording information such as video and 
audio data intended to be recorded as recording pits are 
formed, while pre-pits (hereinafter called land pre-pits 20 
or LPP) are recorded on land portions each of which is 
formed between the pre-grooves. 
[0003] In the operation of a pre-pit detecting device, 
reflected light of a light beam irradiated to a p re-groove 
is received at a light-receiving portion, which is divided 25 
into two parts by a division line at least optically parallel 
with a tangential direction of the pre-groove. As a result, 
first and second read signals are generated on the basis 
of the outputs of electrical signals from the light receiving 
portion, and the difference therebetween is computed 30 
to generate a difference signal (hereinafter called a "ra- 
dial push-pull signal"). Then the radial push-pull signal 
is compared with a threshold by means of an LPP-signal 
binarizing circuit to obtain a signal extracted as a binary 
signal (hereinafter called an LPP signal). 35 
[0004] In a conventional pre-pit detecting device, an 
AGC (Auto Gain Control) circuit makes the amplitudes 
of the first and second read signals coincide before gen- 
eration of the above-mentioned radial push-pull signal. 
This configuration allows an RF component as a noise *o 
component to be effectively eliminated to increase LPP 
signal extraction performance even in extracting an LPP 
signal from the recorded DVD-R. 
[0005] However, upon irradiating a high-power light 



cording pit carrying information is formed, which may 
form a recording pit there. In such a*case, the reflectivity 
of the land portion in which the LPP exists is reduced, 
which may in turn reduce the amplitude level of the LPP 
signal component contained in the first and second read 
signals. 

[0007] For example, FIG. 11 is an imaginary illustra- 
tion showing the relationship between recording pit po- 
sitions and waveforms of an LPP signal. FIG. 1 1 A shows 
a case where a mark portion of the recording pit is over- 
lapped on the overall LPP in the land portion. In this 
case, the amplitude level of the LPP signal component 
(solid-line portion) as a whole drops -compared to the 
LPP signal component on which no recording pit is over- 
lapped (broken-line portion). 

[0008] FIGs. 11 B and 11C show cases where the 
mark portion of the recording pit is overlapped on part 
of the LPP in the land portion. In these cases, the am- 
plitude level of the LPP signalcomponent (solid-line por- 
tion) drops only in the portion on which the recording pit 
is overlapped, compared to the LPP signal component 
(broken-line portion) on which no recording pit is over- 
lapped. 

[0009] On the other hand, since the above-mentioned 
AGC circuit uses average values of the above-men- 
tioned read signal measured for a long time (about 10 
ms) to perform AGC, it cannot correct the amplitude of 
a signal like the LPP signal component whose -cycle is 
relatively short (about 100 to 500 ns). In other words, 
the conventional pre-pit detecting device has the above- 
mentioned AGC circuit insufficient to correct the ampli- 
tude of the LPP signal component whose amplitude lev- 
el has dropped. 

[0010] As a result, the conventional pre-pit detecting 
device cannot make clear the difference between the 
amplitude level of the LPP signal component and the 
amplitude level of a noise signal component remaining 
after generation of the radial push-pull signal, which 
causes a degradation in LPP signal extraction perform- 
ance. 

SUMMARY-OFTHE INVNETKDN 

[0011] The present invention has been made in view 
-beam-for~forr^ing-recording-pits-earrying-inforrnation-on — 45 — of-the-above-mentioned-problems—and-iHs-an-object- 



a recordable type optical recording medium such as the 
above-mentioned DVD-R, thermal energy of the record- 
ing beam generally reduces the reflectivity at the irradi- 
ated position. In other words, the amount of reflected 
light at the position of a pre-groove on which a recording 
pit is formed (to which the recording beam has been ir- 
radiated) becomes smaller than the amount of reflected 
light at the position of a pre-groove on which no record- 
ing pit is formed. 

[0006] On the other hand, upon recording information, 
the recording beam is irradiated to the overall or part of 
a land portion having an LPP existing therein and adja- 
cent to the position of the pre-groove on which the re- 



50 



55 



thereof to provide a pre-pit detecting apparatus-capable 
of correcting the amplitude of an LPP signalcomponent 
contained in an RF component in a short time, and 
hence improving LPP signal extraction performance. 
{0012] The above object of the present inventioncan 
be achieved by a pre-pit detecting apparatus of the 
present invention for an optical recording medium, 
which has information tracks with recording pits carrying 
record information formed thereon and guide tracks for 
guiding a light beam to the information tracks, and fur- 
ther has pre-pits carrying pre-intormation formed on the 
guide tracks. The pre-pit detecting apparatus including 
an amplitude correcting -circuit, which when the optical 
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beam is irradiated to one of the information tracks, cor- 
rects the amplitude of a first read signal and the ampli- 
tude of a second read signal generated on the basis of 
the outputs of electrical signals from a light receiving 
unit, divided into two parts by a division line at least op- 
tically parallel with the information track, such that the 
pre-pit detecting apparatus performs a computation on 
the difference between the corrected first and second 
read signals to generate a difference signal so as to de- 
tect a pre-pit signal on the basis of the difference signal. 
Further, said amplitude correcting circuit is provided 
with: an addition signal generating device for adding the 
first read signal to the second read signal to generate 
an addition signal; a first amplitude correcting device for 
correcting the amplitude of the first read signal, on the 
basis of the generated addition signal, for an RF signal 
component corresponding to a recording pit, which is 
contained in the first read signal; and a second ampli- 
tude correcting device forcorrecting the amplitude of the 
second read signal, on the basis of the generated addi- 
tion signal, for an RF signal component corresponding 
to a recording pit, which is contained in the second read 
signal. 

[001 3] According to the present invention , the first and 
second read signals generated on the basis of the out- 
puts of electrical signals from the light receiving portion 
are input to the amplitude correcting circuit in which the 
first and second read signals are added to generate the 
addition signal. The amplitudes of the first and second 
read signals are corrected, on the basis of the addition 
signal, for an RF signal component corresponding to a 
recording pit, which is contained in the first and second 
read signals. Then the difference between the first and 
second read signals corrected iscomputed to generate 
a difference signal so that a pre-pit signal will be detect- 
ed on the basis of the difference signal. 
[001 4] Therefore, in the case of a recorded optical re- 
cording medium and even when the amplitude of the 
pre-pit signal component drops because of the de- 
creased reflectivity of the pre-pit portion, the amplitude 
level can be corrected in a short time. Since the ampli- 
tude of the pre-pit signal can be corrected accurately, 
the difference between the amplitude level of the pre-pit 
signal component and the amplitude level of a noise sig- 
-nal-component-remaining-after-generation-of-the-<liffer- 
ence signal can be made clear, which makes it possible 
to improve pre-pit signal extraction performance. In ad- 
dition, the circuit structure is simple, which can reduce 
manufacturing costs and the like. 
[0015] In one aspect of the present invention, said first 
amplitude correcting device makes such a correction 
that the amplitude of the first read signal is momentarily 
amplified, on the basis of the generated addition signal, 
for an RF signal component corresponding to a record- 
ing pit, which is contained in the first read signal, and 
said second amplitude correcting device makes such a 
correction that the amplitude of the second read signal 
is momentarily amplified, on the basis of the generated 



addition signal, for an RF signalcomponent correspond- 
ing to a recording pit, which is contained in the second 
read signal. 

[0016] According to this aspect, in the case of a re- 

5 corded optical recording medium and even when the 
amplitude of the pre-pit signal component drops be- 
cause of the decreased reflectivity of the pre-pit portion, 
since the amplitude level can be momentarily amplified 
and corrected, the difference between the amplitude 

10 level of the pre-pit signal component and the amplitude 
level of a noise signal component remaining after gen- 
eration of the difference signalcan be made clear, which 
makes it possible to improve pre-pit signal extraction 
performance. In addition, the circuit structure is simple, 

is which can reduce manufacturing costs and the like. 
[0017] In another aspect of the present invention, -said 
amplitude correcting circuit is further provided with an 
offset adjusting device that makes the neutral points of 
the first and second amplitude correcting devices coin- 

20 cide with each other. 

[0018] According to this aspect, the pre-pit signal ex- 
traction performance can be improved more than the 
above mentioned invention. 

[0019] In further aspect of the present invention, said 

25 amplitude correcting circuit is further provided with an 
addition-signal amplitude fluctuation-correcting device 
that corrects fluctuations in amplitude of the addition sig- 
nal on the basis of whether the pit length of a recording 
pit carried with the addition signal is long or short. 

30 [0020] According to this aspect, the fluctuations in 
amplitude of the addition signalcan be corrected, which 
makes possible effectivecorrection of the amplitude lev- 
els of the first and second read signals. 
[0021] In further aspect of the present invention, said 

35 amplitude correcting circuit is further provided with: a 
first readsignal delaying device that corrects phase shift 
between the addition signal and the first read signal, the 
phase shift produced as a result of correcting the fluc- 
tuations in amplitude of the addition signal by said ad- 

40 dition-signal amplitude fluctuation-correcting device; 
and said second read signal delaying device that cor- 
rects phase shift between the addition signal and the 
second read signal, the phase shift produced as a result 
of correcting means correcting the fluctuations in ampli- 
-45 — tude-of4^e-addition-signal-by^said-addition-signal-ampli=- 
tude fluctuation-correcting device. 
[0022] According to this aspect, -even if phase shift is 
produced as a result of correction of the fluctuations in 
amplitude of the addition signal, the addition signalcan 

so be synchronized with the first read signal and the sec- 
ond read signal, respectively. 

[0023] In further aspect of the present invention, aid 
amplitude correcting circuit is further provided with an 
addition-signal nonlinear amplification device that am- 
55 p|jf ies the additionsignal to make the amplification factor 
for one polarity of the addition signal larger than the am- 
plification factor for the other polarity. 
{0024] According to this aspect, the signal-to-noise 
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ratio of the pre-pit signal contained in the radial push- 
pull signal can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

FIG. 1 is a cross-sectional perspective view of a 
DVD-R 50 according to an embodiment of the 
present invention; 

FIG. 2 is a schematic diagram showing a record for- 
mat of pre-information and rotation control informa- 
tion prerecorded on the DVD-R 50; 
FIG. 3 is a block diagram showing the general struc- 
ture of a pre-pit detecting device 52 according to the 
embodiment; 

FIG. 4 is a block diagram showing an internal con- 
figuration of an amplitude correcting circuit 1 ; 
FIG. 5 shows a comparison among waveforms of 
first and second read signals Srf1 and Srf2 read 
from the recorded DVD-R 50, waveforms of correc- 
tion signals Scs1 and Scs2 corrected by means of 
the amplitude correcting circuit 1 , and an addition 
signal Srf ; 

FIG. 6 is a block diagram showing an internal con- 
figuration of a push-pull circuit 2; 
FIG. 7A is a graph showing such a state that a radial 
push-pull signal Srpp is compared at a comparator 
in a pre-pit detecting device forthe recorded DVD-R 
50 according to the present invention; 
FIG. 7B is a graph showing such a state that the 
radial push-pull signal Srpp is compared at a com- 
parator in a conventional pre-pit detecting device for 
the recorded DVD-R 50; 

FIG. 8 is a block diagram showing a configuration 
of an amplitude correcting circuit 1 according to an- 
other embodiment of the present invention; 
FIG. 9 a block diagram showing a configuration of 
an amplitude correcting circuit 1 according to still 
another embodiment of the present invention; 
FIG. 10 is a graph showing input and output char- 
acteristics of a nonlinear amplifier; and 
FIG. 11 A is an enlarged illustration of an LPP signal 
portion of a signal read in a conventional pre-pit de- 

tecting signaMn-thecase-where-a-mark-portion-of-a- 

recording pit is overlapped on an overall LPP in a 
land portion; 

FIG. 11 B is an enlarged illustration of an LPP signal 
portion of a signal read in a conventional pre-pit de- 
tecting signal in the case where a mark portion of a 50 
recording pit is overlapped on part of an LPP in a 
land portion; and 

FIG. 1 1 C is an enlarged illustration of an LPP signal 
portion of a signal read in a conventional pre-pit de- 
tecting signal in the case where a mark portion of a 55 
recording pit is overlapped on part of an LPP in a 
land portion. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] The following section will describe preferred 
embodiments of the present invention with reference to 
the accompanying drawings. It should be noted that the 
embodiments to be described below assume a pre-pit 
detecting device for detecting pre-pits from a DVD-R as 
a recording medium on which address information indic- 
ative of an information recording position on the record- 
ing medium and reference signals for generating clock 
signals for use in recording and reproducing operations 
are formed as LPPs. 

[0027] Referring first to FIG. 1, description will be 
made about the physical structure of the DVD-R accord- 
ing to an embodiment of the present invention. FIG. 1 is 
a cross-sectional perspective view of the DVD-R 50 ac- 
cording to the embodiment of the present invention. As 
shown in FIG. 1 , theOVD-R 50 is a pigment type DVO-R 
which is provided with a pigment film 1 05capable of writ- 
ing information once. Pre-grooves 102 as information 
tracks on which record information is to be recorded, 
and lands 103 as guide tracks for guiding a light beam 
B like a laser beam as reproducing and recording light 
to the pre-grooves 1-02 are formed on the DVD-R 50. 
The DVD-R 50 is also provided with a protective film for 
protecting the pre-grooves and the lands, and a reflec- 
tion surface 106 for reflecting the optical beam B at the 
time of reproduction of record information. Then LPPs 
104 are formed on the lands 103. 
[0028] In the DVD-R50, the pre-grooves 102arewob- 
bled at a frequency used as a standard of reference to 
the rotation speed of the DVO-R 50. Upon recording on 
the DVD-R 50 record information (information such as 
image information intended to be recorded other than 
pre-information and sync signals), the wobbling fre- 
quency of the pre-grooves 1 02 is detected at an infor- 
mation recording apparatus to obtain a sync signal so 
that the DVO-R 50 will be controlled to rotate at a pre- 
determined speed. At this time, the LPPs 104 are also 
detected to obtain pre-information beforehand so as to 
obtain address information and the like indicative of in- 
formation recording positions on the DVO-R 50. Thus 
the record information is recorded at a corresponding 

-recording-position-based-on-the-addresslnformation: 

[0029] In recording the record information, the light 
beam B is so irradiated that the center of the light beam 
B will coincide with the center of a corresponding pre- 
groove 102. As a result, a recording information pit-cor- 
responding to the record information is formed on the 
pre-groove 102 to form the record information. At this 
time, the size of the light spofSP is -so set that the light 
spot SP is irradiated not only to the pre-groove 102 but 
partially to the adjacent land 103 as well. Using reflected 
light of the light spot partially irradiated to the land 103, 
pre-information is detected from the LPP 1 04 by a push- 
pull method to obtain the pre-information. On the other 
hand, using reflected light of the light spot irradiated to 
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the pre-groove 102, a wobble signal is detected from the 
pre-groove 1 02 to obtain a clock signal for rotation con- 
trol. 

[0030] Referring next to FIG. 2, description will be 
made about a record format of the pre- inform at ion and 
rotation control information pre-recorded on the DVD-R 
50. It should be noted that the term "pre-recorded" 
means "preformed" as a disk. FIG. 2 is a schematic di- 
agram showing a record format of the pre-information 
and rotation control information pre-recorded on the 
DVD-R 50. In FIG. 2, the upper portion shows a record 
format of the record information, and corrugated wave- 
forms of the lower portion show a wobbling state {a plan 
view) of the pre-grooves 102 for recording the record 
information. Further, upward arrows between the record 
information and the wobbling state of the pre-grooves 
102 schematically show positions at which LPPs 104 
are formed. It should be noted that in FIG. 2 the wobbling 
state of the pre-grooves 102 is shown with amplitude 
greaterthan actual amplitude for the sake of clarity. Fur- 
ther, the record information is recorded on the centerline 
of each corresponding pre-groove 102. 
[0031] As shown in FIG. 2, the record information to 
be recorded on the DVD-R 50 is divided beforehand on 
a sync-frame basis. 26 sync frames form one recording 
sector as an information unit, and 16 recording sectors 
form one ECC block as an information block. It should 
be noted that one sync frame has a length 1488 times 
(1488T) longer than the unit length (hereinafter called 
T) corresponding to a bit interval defined by the record 
format for recording the above-mentioned record infor- 
mation. Further, sync information SY for synchroniza- 
tion on a sync-frame basis is recorded in the top 14 T 
portion of each sync frame. 

[0032] On the other hand, the pre-information to be 
recorded on the DVD-R 50 is recorded on a sync-frame 
basis. In recording the pre-information using the LPPs 
1 04, one LPP 1 04, as indicating a sync signal in the pre- 
information, is always formed on the land 103 adjacent 
to a region in which the sync information SY is recorded 
for each sync frame of the record information. Mean- 
while, one or two LPPs 1 04 indicative of the contents of 
the pre-information to be recorded are formed on the 
land 1 03 adjacent to the first half of the sync frame con- 
tain ing-informatte^i-e#*er-than^ 
(or no LPP 1 04 may be formed with respect to the first 
half of the sync frame containing information other than 
the sync information SY, depending on the contents of 
the pre-information to be recorded). At this time, the 
LPPs 104 are formed in either even-numbered frames 
(hereinafter called the "EVEN frames") or odd-num- 
bered frames (hereinafter called the "ODD frames") of 
each recording sector to record the pre-information. In 
other words, if the LPPs 104 are formed in the EVEN 
frames in FIG. 2 (as indicated with the solid upward ar- 
rows), no LPPs 104 will be formed in the ODD frames 
adjacent to the EVEN frames. 

[0033] The relationship between the wobbling state of 



the pre-grooves 1 02 and the LPPs 1 04 is accounted for 
by the fact that the LPPs 104 are formed in positions 
where the amplitude of wobbling becomes the maxi- 
mum. 

5 [0034] On the other hand, the pre-grooves 102 are 
wobbled all over the sync frames on a constant wobbling 
frequency, fO of 140 kHz (at which one sync frame*cor- 
responds to a part for eight waves of the fluctuating 
waveform of the pre-grooves 102). Then the constant 

10 wobbling frequency, fO is detected by a pre-pit detecting 
device or the like to extract a sync signal for use in con- 
trolling the revolution of a spindle motor, not shown, for 
rotating the DVD-R 50. 

[0035] Referring next to FIGs. 3 through 7, description 
15 will be made about a pre-pit detecting device for detect- 
ing pre-pits from the above-mentioned DVD-R 50 ac- 
cording to the present invention. The following descrip- 
tion will be made by taking as an example acase where 
a pre-pit signal is extracted from the recorded DVD-R 
20 50. 

[0036] F KB. 3 is a block diagram showing the general 
structure of a pre-pit detecting device 52 as practiced in 
the embodiment. It should be noted that the pre-pit de- 
tecting device according to the present invention is ap- 

25 plied to an information recording and reproducing appa- 
ratus for recording media in an actual situation, but de- 
scription of the structure and operation of apparatus 
components other than the pre-pit detecting device 52 
will be omitted in the embodiment. 

30 [0037] As shown in FIG. 3, the pre-pit detecting device 
52 includes an amplitude correcting circuit 1 , a push-pull 
circuit 2, a signal binarizing circuit 3 and a decoder 4. In 
operation, a first read signal Srf 1 and a second read sig- 
nal Srf2 are input from a pickup 51 to the amplitude cor- 

35 recting circuit 1 of the pre-pit detecting device "52. The 
first read signal ^Srf1 and the second read signal Srf2 
are generated as follows. First, a light beam is irradiated 
from the pickup 51 . Then reflected light from the infor- 
mation recording surface of the DVD-R 50 driven to ro- 

40 tate is received at a light receiving portion, not shown, 
which is divided into two parts by a division line at least 
optically parallel with the tangential direction of the pre- 
grooves 102 on the DVD-R 50. The light receiving por- 
tion outputs electrical signals according to the amounts 
-45 — of^fleeted^ight^Geived^W^^ight^cceiving-portion r 
so that the first and second read-signals are generated 
on the basis of the electrical signals. 
[0038] FIG. 4 is a block diagram -showing an internal 
configuration of the amplitude correcting circuit 1 as 

50 characterized by the present invention. As shown in 
FIG. 4, the amplitude correcting circuit 1 includes an 
adder 11 as addition signal generating means, a voltage 
control amplifier (VCA) 12 as first amplitude correcting 
means, and a voltage control amplifier (VCA) 13 as sec- 

55 ond amplitude correcting means. 

[0039] The adder 1 1 adds the first and second read 
signals^rfl and Srf 2 supplied from the pickup 51 to sup- 
ply the same to the voltage-control amplifiers 12, 13 as 
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an addition signal (amplification factor-control signal) 
Srf, respectively. 

[0040] The voltage control amplifier 12 amplifies and 
corrects the amplitude of the first read signal Srf1 mo- 
mentarily (in a short time), for each recording pit of the 
RF signal component contained in the first read signal 
Srf 1 supplied from the pickup 51 , at an amplification fac- 
tor based on the addition signal Srf supplied from the 
adder 11 . The corrected signal is output to the push-pull 
circuit 2 as a correction signal Scs1 of the first read sig- 
nal Srf 1 . 

[0041 ] On the other hand, the voltage control amplifier 
13 momentarily amplifies and corrects the amplitude of 
the second read signal Srf2, for each recording pit of the 
RF signal component contained in the second read sig- 
nal Srf2 supplied from the pickup 51 , at an amplification 
factor based on the addition signal Srf supplied from the 
adder 1 1 . The corrected signal is output to the push-pull 
circuit 2 as a correction signal Scs2 of the second read 
signal Srf1. 

[0042] The voltage control amplifiers 12, 13 amplify 
the first and second read signals Srf1 and Srf2, respec- 
tively, at an amplification factor which is increased as 
the amplitude level of the addition signal Srf increases. 
[0043] FIG. 5 shows a comparison among the first and 
second read signals Sfr1 and Srf2 read from the record- 
ed DVD-R 50, the correction signals Scs1 and Scs2 cor- 
rected by means of the amplitude correcting circuit 1 , 
and the addition signal Srf. 

[0044] As shown in FIG. 5, the amplitude of the first 
read signal Srf1 (broken-line portion) is momentarily 
amplified at timing at which the addition signal Srf cor- 
responding to the recording pit is input, and turned into 
the correction signal Scs1 (solid-line portion). Also, the 
amplitude of the LPP signal component, which is over- 
lapped with the first read signal Srf1 corresponding to 
the recording pit, is momentarily amplified. Similarly, the 
amplitude of the second read signal Srf2 (broken-line 
portion) is momentarily amplified at timing at which the 
addition signal Srf corresponding to the recording pit is 
input, and turned into the correction signal Scs2 (solid- 
line portion). Also, the amplitude of the LPP signal com- 
ponent, which is overlapped with the second read signal 
Srf2 corresponding to the recording pit, is momentarily 
-amplified^ 



[0045] In other words, even if the LPP 104 is over- 
lapped with the recording pit and hence the amplitude 
level of the LPP signal component drops, the amplitude 
level can be momentarily amplified at a timing which the 
"RF signal component corresponding to the recording pit 
is input, at an amplification factor based on the ampli- 
tude of the addition signal Srf corresponding to the re- 
cording pit portion. 

[0046] Further, since the addition signal Srf is a sum 
signal of the first and second read signals Srf 1 and Srf2, 
the amplification factor for the amplitude of the first read 
signal Srf 1 can be made equal to the amplification factor 
for the amplitude of the second read signal Srf2. 



[0047] Although the amplitudes of the RF signal com- 
ponents are also amplified, since one signal is made op- 
posite in polarity to the other in the push-pull circuit 2 to 
be described later, the RF signal components identical 
5 in polarity are compensated with each other at the time 
of generation of the radial push-pull signal. As a result, 
the sum of the LPP signal-components, mutually oppo- 
site in polarity, of the first and second read signals Srf 1 
and Srf2 ends up the radial push-pull signal. 

10 [0048] Therefore, the difference between the ampli- 
tude level of the LPP signal component and the ampli- 
tude level of a noise component remaining after gener- 
ation of the radial push-pull signal can be made clear. 
[0049] FIG. 6 is a block diagram showing an internal 

15 configuration of the push-pull circuit 2. As shown in F r KB. 
6, the push-pull circuit 2 includes two AGC (Auto Oain 
Control) circuits 21 and 22. The AGC circuit 21 is 
equipped with a voltage control amplifier 21a, an ampli- 
tude detection part 21b and a subtracter 21c, and has 

20 the function of making the amplitude of a signal, ob- 
tained from the correction signal Scs1 from the ampli- 
tude correcting circuit 1 , coincident with a reference volt- 
age (ref). To be more specific, the voltage control am- 
plifier 21 a amplifies thecorrection signal Scs1 at an am- 

25 p|jf jcation factor based on the difference between the 
correction signal Scs1 generated at the subtracter 21c 
and the reference voltage (ref) so that the amplitude of 
the correction signal Scs1 will be madecoincident with 
the reference voltage (ref). On the other hand, the AGC 

30 circuit 22 is equipped with a voltage control amplifier 
22a, an amplitude detection part 22b and a subtracter 
22c, and has the function of making the amplitude of a 
signal, obtained from thecorrection signal Scs2, coinci- 
dent with the amplitude of the signal obtained from the 

35 correction signal Scs1 . 

[0050] Then a subtracter 23 computes the difference 
between thecorrection signalsScsl and Scs2 tocancel 
the RF signal components, identical in polarity, of the 
correction signals Scsl and Scs2,On the other hand, 

40 the LPP signalcomponents mutually opposite inpolarity 
are amplified to generate a radial push-pull signal Srpp. 
The radial push-pull signal *Srpp is a composite signal 
generated by superimposing the LPP signal component 
on the wobbling frequency component. 
_45 — [0051] — Thenras-shown-in-F»Gr37the^signa1i3inarizing~ 
circuit 3 includes an amplifier 31 , acomparator 32 and 
a slice level setting circuit 33. 

[0052] In the signal binarizing circuit 3, an input of the 
radial push-pull signal Srpp is supplied to thecompara- 

50 tor 32 through the amplifier 31 . Thecomparator 32 com- 
pares the supplied radial push-pull signal Srpp with a 
slice level supplied from the slice level setting circuit 33 
to extract an LPP signal to be output to the decoder 4. 
[0053] The slice level setting circuit 33 receives error 

55 detection signals detected when the<iecoder4 decodes 
the LPP signal, and counts the number of the error de- 
tection signals. Then, when the slice level becomes un- 
satisfactory for an error rate decided for a predeter- 
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mined block unit (for example, for each ECC (Error Cor- 
rection Code) block), the slice level setting circuit 33 re- 
sets the slice level. 

[0054] FIG. 7A shows as an example such a state that 
the radial push-pull signal Srpp is compared at the com- 
parator 32 in the case of the recorded DVD-R 50. FIG. 
7B shows as an example such a state that the radial 
push-pull signal Srpp is compared at a comparator in a 
conventional pre-pit detecting device (which has no 
means like the amplitude correcting circuit 1 for correct- 
ing the amplitude level of the LPP signal component) in 
the case of the recorded DVD-R 50. 
[0055] As shown in FIG. 7B, when the amplitude level 
of the pre-pit signal component drops because of the 
decreased reflectivity of the pre-pit portion in the con- 
ventional pre-pit detecting device, the amplitude of the 
LPP signal and the amplitude of a noise component are 
very close to each other, which makes it difficult to set 
a slice level. In this case, there is a high possibility that 
the noise component will be binarized to generate the 
LPP signal. 

[0056] On the other hand, as shown in FIG. 7A, even 
when the amplitude level of the pre-pit signal component 
drops because of the decreased reflectivity of the pre- 
pit portion in the pre-pit detecting device 52 according 
to the present invention, the difference between the am- 
plitudes of the LPP signal component and the noise 
component can be made clear, which makes it easy to 
set the slice level, and hence generate an LPP signal 
from which the noise component is removed to the ut- 
most. 

[0057] In particular, since an LPP (such as an LPP for 
generating address information) other than the LPP for 
generating a sync signal tends to vary its position rela- 
tive to the recording pit at random, a short-time ampli- 
tude correction according to the present invention can 
be more effective at extracting the LPP such as the LPP 
for generating address information. 
[0058] The decoder 4 decodes the LPP signal to gen- 
erate address information indicative of information re- 
cording positions and various timing signals to be output 
to a system control unit, not shown, which performs con- 
trol necessary to record information on the DVD-R 50 
on the basis of the address information and the timing 

-signals: 

[0059] As discussed above and according to the em- 
bodiment, even if the amplitude level of the pre-pit signal 
component drops because of overlapping of the record- 
ing pit and the LPP 104, the amplitude level can be mo- 
mentarily amplified and corrected in the recording pit 
portion of the RF signal component. As a result, the dif- 
ference between the amplitude level of the pre-pit signal 
component and the amplitude level of the noise compo- 
nent remaining after generation of the difference signal 
•can be made clear, which makes it possible to improve 
pre-pit signal extraction performance. 
[0060] FIG. 8 is a block diagram showing an internal 
configuration of an amplitude correcting circuit 1 accord- 



ing to another embodiment of the present invention. The 
amplitude correcting circuit 110 shown in FIG. 8 includes 
an offset adjusting circuit 14 as offset adjusting means 
in addition to the amplitude correcting circuit 1 shown in 
5 FIG. 4. 

[0061] The above-mentioned voltage control amplifi- 
ers 12 and 13 may vary in neutral point from each other. 
In such a case, if the voltage level is the same, the am- 
plification factor is difference therebetween, which may 

10 cause an degradation in LPP signal extraction perform- 
ance. To avoid this, the amplitude correcting circuit 110 
is provided with the offset adjusting circuit 14, so that 
both neutral points are made to coincide, thereby im- 
proving LPP signal extraction performance more than 

15 in the amplitude correcting circuit 1 shown in FIG. 4. 
[0062] FIG. 9 is a block diagram showing an ampli- 
tude correcting circuit 1 according to still another em- 
bodiment of the present invention. The amplitude cor- 
recting circuit 120 shown in FIG. 9 includes, in addition 

20 to the amplitude correcting circuit 1 shown in FIG. 8, an 
MTF correcting circuit 15 as addition-signal amplitude 
fluctuation-correcting means, delay circuits 16, 17 as 
delay means, and a nonlinear amplifier 18 as addition- 
signal nonlinear amplification means. 

25 [0063] The MTF correcting circuit 15 is operative to 
correct amplitude fluctuations due to variations in pit 
length of recording pits carried with the addition signal 
Srf appearing according to the spatial frequency char- 
acteristics of the pickup 51 . The spatial frequency char- 

30 acteristics are generally low-pass characteristics. In oth- 
er words, the detection ability of the pickup 51 is reduced 
as the spatial frequency components of a recording pit 
to be read increase (as the pit length of the recording pit 
becomes shorter), which makes the amplitude of the ad- 

35 dition signal Srf smaller. Since the length of a recording 
pit vary according to the information to be recorded, long 
recording pits and short recording pits (hereinafter 
called long pits and short pits as required)exist together 
in the addition signal Srf. Thus the addition -signal Srf 

40 varies according to the recording pit length. 

[0064] The MTFcorrecting-circuit 1 5 is tocorrect fluc- 
tuations in amplitude of the addition signal Srf resulting 
from variations in pit length of the recording pits. For ex- 
ample, the MTF correcting circuit 15 isconstituted by a 

.45 — component-such-as-an+IBF-(High^oost-Filt«r)<:apable 
of increasing the amplification factor as the signal fre- 
quency becomes higher. In such a configuration, the 
amplitude correcting circuit 120 corrects a drop in am- 
plitude of the addition signal Srf because of the short pit 

so so that the amplitude level will rise to a level substantially 
equivalent to the amplitude level-caused by the long pit. 
Then the corrected amplitude level is output to the non- 
linear amplifier 22, which makes is possible to supply 
an appropriate addition signal Srf to the voltage-control 

55 amplifiers 12 and 13, respectively. 

[0065] Correction for fluctuations in amplitude of the 
addition signal Srf, however, produces phase shift be- 
tween the addition signal Srf and the first and second 
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read signals Srf 1 and Srf2. Therefore, the delay circuits 
16, 17 are provided for delaying inputs of the first and 
second read signals Srf1 and Srf2 for a predetermined 
time period. In this case, since the time the addition sig- 
nal Srf passes through the circuit is extended, the first 5 
and second read signals Srf1 and Srf2 can be made in 
phase with each other. 

[0066] The nonlinear amplifier 18 also has input and 
output characteristics exhibiting non-linearity approxi- 
mating a line chart as shown in FIG. 1 0. To be more spe- 10 
cific, it has such a characteristic that the amplification 
factor for positive input of an input signal becomes larger 
than that for negative input of the input signal. Therefore, 
the signal input to the nonlinear amplifier 18 becomes 
an output signal whose positive amplitude level is em- *5 
phasized, which is more effectively at controlling the 
gains of the VCAs 12 and 13. 

[0067] In the embodiment, the polarity of the addition 
signal Srf from the MTF correcting circuit 15, which cor- 
responds to a recording pit formed on the DVD-R 50, is 20 
set to become positive. Therefore, the nonlinear ampli- 
fier 1 8 can amplify the addition signal Srf so that the sig- 
nal level corresponding to the recording pit for the addi- 
tion signal Srf becomes larger than the signal level that 
does not correspond to the recording pit, that is, the am- 25 
plitude becomes greater than that of the negatively po- 
larized portion of the addition signal Srf. 
[0068] The addition signal Srf thus output from the 
nonlinear amplifier 18 is output to the voltage control 
amplifiers 12 and 13 as the amplification factor-control 30 
signal. Such a biased emphasis is placed because, 
when the reflectivity is reduced by forming an LPP 1 04 
on a land adjacent to the recording pit, the signal com- 
ponent of the LPP 1 04 is contained in the positively po- 
larized side of the first read signal Srf 1 . Therefore, the 35 
positively polarized component of each read signal need 
to be emphasized, which makes it possible to improve 
the signal-to-noise ratio of the LPP signal contained in 
the radial push-pull signal Srpp. 

[0069] Thus the amplitude correcting circuit 120 40 
shown in FIG. 9 can obtain the effects equivalent to 
those of the amplitude correcting circuit 110 shown in 
^IG. 8. However, the amplitude correcting circuit 110 
shown in FIG. 4 or 8 is enough to attain the object of the 
^present-invention^The-amplitude-correeting-cireuit-H^ — 45- 
is better than the amplitude correcting circuit 1 20 in the 
manufacturing period, the manufacturing costs, the in- 
spection period and the like because of its simple circuit 
structure. 

[0070] In the above-embodiments, the DVD-R was 50 
taken by way of example to describe the present inven- 
tion, but the present invention is not limited thereto, and 
it is applicable to any other recording media such as a 
DVD-RW and a CD-R. 

[0071] As described above and according to the ss 
present invention, even if the amplitude level of the pre- 
pit signal component drops because of overlapping of 
the recording pit and the LPP, the amplitude level can 



be momentarily amplified andcorrected in the recording 
pit portion of the RF signal component. As a result, the 
difference between the amplitude level of the LPP signal 
component and the amplitude level of the noise compo- 
nent remaining after generation of the radial push-pull 
signal can be made clear, which makes it possible to 
improve LPP signal extraction performance. 
[0072] The invention may be embodied in other spe- 
cific forms without departing from the spirit or -essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being in- 
dicated by the appended claims rather than by the fore- 
going description and all changes whichcome within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 



Claims 

1 . A pre-pit detecting apparatus (52) for an optical re- 
cording medium (50), which has information tracks 
(102) with recording pits carrying record information 
formed thereon and guide tracks <103) for guiding 
a light beam (B) to the information tracks, and fur- 
ther has pre-pits (104) carrying pre-information 
formed on the guide tracks, the pre-pit detecting ap- 
paratus including an amplitude correcting circuit (1 ), 
which when the optical beam is irradiated to one of 
the information tracks, corrects the amplitude of a 
first read signal and the amplitude of a second read 
signal generated on the basis of the outputs of elec- 
trical signals from a light receiving unit, divided into 
two parts by a division line at least optically parallel 
with the information track, such that the pre-pit de- 
tecting apparatus performs a computation on the 
difference between the corrected first and -second 
read signals to generate a difference signal so as 
to detect a pre-pit signal on the basis of the differ- 
ence signal, characterized in that 

said amplitude correcting circuit <1)-compris- 

es: 

an addition signal generating device (11) for 

addingilie^irst-read-signatXSrf1)iothe^econd- 

read signal (Srf2) to generate an addition signal 
<Srf); 

a first amplitude correcting device <1 2) for cor- 
recting the amplitude of the first read~signal, on 
the basis of the generated addition signal, for 
an RF signal-component corresponding to a re- 
cording pit, which is contained in the first read 
signal; and 

a second amplitude correcting device (13) for 
correcting the amplitude of the second read sig- 
nal, on the basis of the generated addition sig- 
nal, for an RF signal component-corresponding 
to a recording pit, which is-contained in the sec- 
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ond read signal. er than the amplification factor for the other polarity. 



2. The pre-pit detecting apparatus (52) according to 
claim 1 , wherein 

said first amplitude correcting device (12) 5 
makes such a correction that the amplitude of the 
first read signal is momentarily amplified, on the ba- 
sis of the generated addition signal, for an RF signal 
component corresponding to a recording pit, which 
is contained in the first read signal, and 10 

said second amplitude correcting device (13) 
makes such a correction that the amplitude of the 
second read signal is momentarily amplified, on the 
basis of the generated addition signal, for an R F sig- 
nal component corresponding to a recording pit, *5 
which is contained in the second read signal. 



3. The pre-pit detecting apparatus (52) according to 
claim 1 or 2, wherein said amplitude correcting cir- 
cuit (1 ) further comprises an offset adjusting device 20 
(14) that makes the neutral points of the first and 
second amplitude correcting devices coincide with 
each other. 



4. The pre-pit detecting apparatus (52) according to 25 
any one of claims 1 through 3, wherein 

said amplitude correcting circuit (1) further 
comprises an addition-signal amplitude fluctuation- 
correcting device (15) that corrects fluctuations in 
amplitude of the addition signal on the basis of 30 
whether the pit length of a recording pit carried with 
the addition signal is long or short. 



5. The pre-pit detecting apparatus (52) according to 
any one of claims 1 through 4, wherein said ampli- 35 
tude correcting circuit (1) further comprises: 

a first read signal delaying device (16) that cor- 
rects phase shift between the addition signal 
and the first read signal, the phase shift pro- *o 
duced as a result of correcting the fluctuations 
in amplitude of the addition signal by said ad- 
dition-signal amplitude fluctuation -correcting 
device; and 

said-second-read-signal-delaying-devtce-<"l-7) — 45 

that corrects phase shift between the addition 
signal and the second read signal, the phase 
shift produced as a result of correcting means 
correcting the fluctuations in amplitude of the 
addition signal by said addition-signal ampli- so 
tude fluctuation- correcting device. 



6. The pre-pit detecting apparatus (52) according to 
any one of claims 1 through 5, wherein said ampli- 
tude correcting circuit (1 ) further comprises an ad- 55 
dition-signal nonlinear amplification device (18) that 
amplifies the addition signal to make the amplifica- 
tion factor for one polarity of the addition signal larg- 
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